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ABSTRACT

In this paper I will discuss how an intense beam of high energy neutrinos pro-
duced with conventional technology could be used to further our understanding
of neutrino masses and mixings. I will describe the possibility of building such
a beam at existing U.S. laboratories. Such a project couples naturally to a
large (> 100 kT) multipurpose detector in a new deep underground laboratory.
I will discuss the requirements for such a detector. Since the number of sites for
both an accelerator laboratory and a deep laboratory are limited, I will discuss
how the choice of baseline affects the physics sensitivities, the practical issues
of beam construction, and event rates.



Update on AGS based
Super Neutrino beam

® conceptual design document
BNL-73210-2004-IR. (sent to DOE Oct ‘04)

® http://raparia.sns.bnl.gov/nwd ad

® Working on: Redesigned beam facility: more
compact, nhow possible to make decay pipe
longer.

® Working on: Completely new design for
injector LINAC: cheaper and faster to build.
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i TaT t Stati
High Intensity Source 0 larget Station

plus RFQ

200 MeV Drift Tube Linac
BOOSTER
AGS

1.2 GeV — 28 GeV
A 5 evebe time (2.5 Hi)

20 MeV

40 Moy

Superconducting Linacs

New idea: extend existing

RTL to 400 MeV using a Old: low beta: 805 MHz
coupled cavity linac just medium high beta: 1610 MHz
like FNAL

New idea: after 400 MeV use 805 MHz all
the way to ~1.4 GeV.
Use SNS design and get to higher energy

Important technical issues:
| ms pulse in LINAC
Transition losses in AGS



Cost Estimate of the AGS Super Neutrino Beam Facl|ity

Constructllon Phase - Direct FyYod Dollars

1.0 Ami-uper Neutring B=am Facility EDIA A S Laleor 1 et
1.1 The Linac ﬂy.-l.lern E.m,'”ﬁ- Qﬂ,m 1W — q2reienan |
1.1.1 Front End and BT Linac Upgrade F13.000 2 AR 000 A55.000 3552000
1.1.2 8CL Aocelerching Camnty Syatem 54, 240 22,204 20 17,040 10 34,248 440
1.1.3 8CL BF Sowcs 26200598 =1, 668 400 4 K2 55692120
1.1.4 BLL Grrogenic Systam 370,000 12,700,000 2,200,000 16,270,000
1.1.5 2CL Vacuum System g1, 508 3474570 1,148 378 5,264 545
1.1.8 SCL Instrumantation 460,057 1,390,400 400,061 2,260,418
1.1.7 2CL Magnst and Power Supply 1R 332 2 E8E 000 T27,%401 4932324
1.2 The AGS Upgrade 10,406,245 53,619,150 6472590 70,587,004
1.2.1 AES Main Magnst Power Supplhy 03 059 28 200 000 1,342,337 30,045 206
1.2.2 AE5 RF System Upograde & 82 B25 G AED 000 BTS, 247 16,608 472
1.2.3 MRS InjectichdExiraction a44 000 6 437 DEs 1 BE2 330 #,740.395
1.2.4 Beam Transpon to Tangst 1638 771 TARZ 241 2 637,290 12,115,502
1.2.5 Contrl Syatem 1,828 B30 1270 BA2 148 786 3,057 528
1.3 The Target and Horn Syetem E-ﬁ-ljlﬂ 141 ﬁz 1,208,358 B.I0. 132
1.3.1 The Tamget System 127,008 220 284 50,130 406 422
1.3.2 The Horn System 454 24 2 454 GES B5s 224 3480315
1.3.3 Shigldirg and Remcte Handling 24 210 E0S 300 125,200 1,047 840
1.3.4 Target & Hom Physcs Suoport 1 0,00 JG, Bad 206 Gl
1.4 The Conventional Facility 7,550, 300 A0, 0G0, 300 1,210,700 BE 51,300
1.4.1 Linac TunnelMkstiran Sallery 2253 000 11,52 % 000 230 000 14,012,000
1.4.2 AGS Powsr Supply Bulding 2024000 13,347 000 432 00D 156,803,000
1.4.3 Beam Transpoit and Targst Arsa 1874 300 250491 000 172 500 26,937 800
1.4.4 The Decay Tunne! and Be=am Stop 184,000 1 205 300 115,200 1,524 500
1.4.5 Site LiMies & Roads 1.08R8, 000 6 &20, 000 140,000 048 000
1.4.6 Modhcations tor A5 BF Svstem J24 160 200U 121,000 2,526 000
17 ES&H 0350 PyR4 T35
1.2.1 ES4H PR 102, DU 20U U S5 000
1.5.2 Accesa Controls, 24 652 170211 167,265 422,218
1.6 Project Support 1,148,661 784,100 2,000,063 R 620,161
1.5.1 Project Kl anagement 1 0, LU 1,178,004 1,278,000
1.6.2 Techncal Suppaort 1,148,651 214,109 2145 563 3500753
1.6.3 Projoct Cantrals 0 J0.000 TT2.000 842,000
T RGeS Super Nauinine Boam raclity Project 1 atal 20,040, 06| . ) 34,




Energy (GeV)

Back to Very Long
Baselines

Oscillation Nodes for Am? = 0.0025 eV> BNL Wide Band. Proton Energy = 28 GeV
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Use same spectrum to study both baselines for this
study. Comment on useful spectrum changes. Use 500
kT for both baselines with same performance.



Simple rules

Multiples nodes important for precision and
new physics.

Long distances separate CP and matter
effects.

Need 2500 kT*MW?*(1()" sec) for measuring
CP (regardless of distance and value of 043)

For CP violation study NO conventlonal
beam experiment can get below sin® 2613 ~ 0.01
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Figure 2: Simulated spectrum of detected muon neutrinos for 1 MW beam and
500 kT detector exposed for 5 x 107 sec. Left side is for baseline of 2540 km,
right side for baseline of 1290 km. The oscillation parameters assumed are
shown in the figure. Only clean single muon events are assumed to be used for
this measurement (see text).
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Figure 3: 1 sigma resolutions on Am2, (left) and sin® 203 (right) expected
after analysis of the oscillation spectra from Figure 2. The solid curves are
for BNL-HS 2540 km baseline, and the dashed are for FNAL-HS 1290 km
baseline. The curves labeled 1 and 2 correspond to statistics only and statistics
and systematics, respectively (similarly for dashed curves of the same color).
The curve labeled (3) on the left has an additional contribution of 1% systematic
error on the global energy scale.
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Figure 6: 90% confidence level error contours in sin® 26014 versus dcp for sta-

tistical and systematic errors with neutrino data alone.
and right is for FNAL-HS. The test point used here is sin’ 263
Am2, = 0.0025 e V?, and Am?,
sin? 2615 and sin® 2093 are set to 0.86, 1.0, respectively.

Scp = 45°

— 73 %1075 eV,

Left is for BNL-HS

= 0.04 and

The values of



Regular hierarchy v and Antiv running Regular hierarchy v and Antiv running
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Figure 7: 90% confidence level error contours in sin” 26014 versus 6 p for statis-
tical and systematic errors for 32 test points. This simulation is for combining
both neutrino and anti-neutrino data.

FNAL-HS. We assume 10% systematic errors for this plot.

Left is for BNL-HS and right is for
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Figure 8: Erpected spectrum of electron neutrinos (left) for 813 = 0 and other
assumed parameters indicated in the figure. The right hand side shows the reso-
lution of the 833 — /2 —83 ambiguity using the measurement Gfﬁiﬂg 2054 from
disappearance and assuming a 10% measurement of ﬂxm%l from KAMLAND.
The area between the curves is allowed by the appearance spectrum (left) for
foa = 357,



Stage | !

What physics if we put some constraints !

Accelerator upgrade is possible in 5 years.

Construction of 200 kT possible in 5 years ?
Assume 2 1077 sec of initial running.

Is this good enough to achieve something ?



Event Rates(neutrino
running only

e cvoe | 2540Km/ 1290km/ 2540km/ 1290km/
YPE | 500Kkt/Syrs | 500kt/Syrs | 250kt/2yrs | 250kt/2yrs
CC total 52000 201600 10400 40248
NC total 18000 69784 3600 13932
CC with 13290 51500 2658 10300
CUts Nno oscC
CC with 6535 20305 1307 406 |
cuts with osc
numu->nue 450 1543 90 308
signal
numu->nue 146 566 29 113
backg

Sin2th |1 3=0.04 thcp=45deg




Detector

* Requirements: Very ambitious !

— 500 kTons fiducial mass for both Proton decay and
neutrino astro-physics and neutrino beam physics.

— ~10 % energy resolution on quasielastic events

— Muon/electron discrimination at <<1%

— 1, 2. 3 track event separation

— Showering NC event rejection at factor of ~15

— Low threshold (-1-85——14 MeV) for supernova search

— Part of the detector could have lower threshold for solar
neutrino detection.

— Time resolution of ~few ns for pattern recognition and
background reduction.



Conclusions.

Shorter baseline better for measuring mixing angles.

CP phase measurement statistically indep of distance, but
better at longer distance because systematic errors less
important.

With longer distance can get CP phase with neutrino
running alone.

Longer distance better for solar effect and resolving th23
ambiguity.

Could probably justify initial smaller det. and less running
for a quicker start.

Eventually have to couple to DUSEL | MT det...... How do
we start Detector R&D ?



